(19) 



(12) 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 853 194 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) IntCI 6 : F02M 37/06 




15.07.1998 Bulletin 1998/29 




(21) 


Application number: 97122644.4 




(22) 


Date of filing: 22.12.1997 




(84) 


Designated Contracting States: 


(72) Inventor: Ricco, Mario 




AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


70125 Bari(IT) 




NL PT SE 


(74) Representative: 




Designated Extension States: 




AL LT LV MK RO SI 


Jorio, Paolo et al 






STUDIO TORTAS.r.l., 


(30) 


Priority: 23.1 2.1 996 IT T0961 076 


Via Viotti, 9 




10121 Torino (IT) 


(71) 


Applicant: 






ELASIS SISTEMA RICERCA FIAT NEL 






MEZZOGIORNO Societa Consortile per Azioni 






80038 Pomigliano d'Arco, Napoli (IT) 





CNJ 
< 

CD 

CO 

in 

CO 



(54) Pumping device for feeding fuel from a tank to an internal combustion engine 

(57) The device includes a high-pressure pump 
(15), a low-pressure pump (10), and an on -off valve (71) 
between the two pumps (10, 15): the low-pressure 
pump (10) is activated mechanically by transmission 
means (75) connected to the shaft of the diesel engine; 
the on-off valve (71) is so sized as to be activated rap- 
idly at the cranking stage; to dispose of the surplus fuel 
following activation of the on-off valve (71), the on-off 
valve (71) opens an additional opening (77) for draining 
the fuel into an inner chamber (23); and a solenoid valve 
(79) between the low-pressure pump (10) and the on-off 
valve (71) is activated automatically to cut off supply to 
the on-off valve (71) in the event of a fault. 
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Description 

The present invention relates to a perfected pump- 
ing device for feeding fuel from a tank to an internal 
combustion engine, and comprising a high-pressure 5 
pump and a low-pressure pump connected upstream 
from the high-pressure pump. 

A pumping device of the above type is described, 
for example, in Italian Patent Application n. 
TO95A000010 filed on 10 January, 1995. by the present u 
Applicant, and is used as part of a fuel injection system 
also comprising an on-off valve, which, when idle, dis- 
connects the two pumps, is opened by the fuel pressure 
of the low-pressure pump to supply the engine, and also 
provides for feeding the surplus fuel into an inner cham- n 
ber of the high-pressure pump for lubrication and cool- 
ing purposes. 

In the known device, the high-pressure pump is a 
piston type activated by the drive shaft; the low-pres- 
sure pump is activated by an electric motor; and the on- 20 
off valve is so sized as to supply the high-pressure 
pump and the inner chamber with the necessary 
amount of fuel as of the cranking stage. Operation of the 
electric motor powering the low-pressure pump, how- 
ever, is generally unreliable, and. what is more, places 25 
added stress on the battery precisely at the cranking 
stage. 

Replacing the electrically powered low-pressure 
pump with one activated by the drive shaft has so far 
been unfeasible, due to the low-pressure pump, at low . 30 
engine speed at the cranking stage, being unable to 
supply enough fuel to open the on-off valve. On the 
other hand, sizing the on-off valve to enable it to be 
opened even under low fuel supply conditions would 
result in high steady-state, fuel supply by the low-pres- 35 
sure pump, thus increasing the fuel pressure in the low- 
pressure circuit and so requiring a pressure regulator 
between the two pumps. 

It is an object of the present invention to provide a 
/ highly straightforward, reliable fuel pumping device 40 
designed to overcome the aforementioned drawbacks in 
connection with the on-off valve. 

According to the present invention, there is pro- 
vided a pumping device for feeding fuel from a tank to 
an internal combustion engine, and comprising a low- 45 
pressure pump; a high-pressure pump in turn compris- 
ing a body forming an inner chamber, and at least one 
piston activated by a control element housed in said 
inner chamber; and an on-off valve housed in a connec- 
tion between said low-pressure pump and said high- so 
pressure pump; said on-off valve comprising a member 
activated by the fuel from said low-pressure pump to 
open an intake channel in said connection and feed sur- 
plus fuel to said inner chamber; characterized in that 
said low-pressure pump is activated mechanically by ss 
means connected to the shaft of said engine; said mem- 
ber being so sized as to be activated even at low crank- 
ing speed of said engine. 



A preferred, non-limiting embodiment of the present 
invention will be described by way of example with refer- 
ence to the accompanying drawing, which shows a 
partly schematic, partial half section of a pumping 
device in accordance with the invention, for feeding fuel 
to an internal combustion engine. 

Number 10 in the accompanying drawing indicates 
a low-pressure fuel pump, which may comprise a rotary 
mechanical, e.g. gear, pump, and which is connected by 
> a conduit 11 to a normal fuel tank 12, e.g. of a vehicle 
comprising an internal combustion engine, and in par- 
ticular a diesel engine. 

Pump 10 provides for drawing and feeding fuel from 
tank 12 along a conduit 13 and through a fitting 14 to a 
high-pressure radial-piston pump 15. More specifically, 
pump 15 comprises three cylinders 21 housed in a body 
20 with their respective axes 22 equally spaced angu- 
larly 120° apart; and, at the center, body 20 comprises 
a cup-shaped inner chamber 23 closed by a flange 24. 

Pump 15 comprises a drive shaft 28 rotating inside 
a hole 25 in flange 24 and inside a dead hole 27 in body 
20, and which, to drive pump 15, is rotated by the drive 
shaft of the diesel engine via transmission means not 
shown. Shaft 28 comprises an eccentric portion 35 
housed inside chamber 23 and fitted in rotary manner 
with a control element for controlling pump 15 and com- 
prising a ring 39. The axis 36 of portion 35 is offset by 
distance E from the axis 37 of shaft 28. 

The outer surface of ring 39 comprises three flat 
portions 40 (only one shown) associated with, and per- 
pendicular to respective axes 22 of. cylinders 21; each 
cylinder 21 comprises a cylindrical hole 41 coaxial with 
respective axis 22 and in which slides a piston 42 pro- 
jecting from cylinder 21 towards axis 37; and the pro- 
jecting portion of each piston 42 is fitted with a pad 43, 
which is held against respective flat portion 40 by a 
spring 44. 

When shaft 28 is rotated, ring 39 maintains its ori- 
entation by virtue of pad 43, whereas axis 36 of ring 39 
rotates about axis 37 of shaft 28, so that flat portions 40 
are moved parallel to themselves along a circular trajec- 
tory and, in conjunction with springs 44, move pistons 
42 back and forth inside holes 41 . 

Inside hole 41, the surface of each piston 42 oppo- 
site ring 39 defines a compression chamber 45, the vol- 
ume of which varies with the movement of piston 42; 
and each cylinder 21 comprises a nonreturn intake 
valve 50 and a nonreturn delivery valve 51 , both seated 
in a plate 52 closing respective cylinder 21 and fitted to 
body 20 by a respective head 53. As piston 42 moves 
radially inwards, compression chamber 45 increases in 
volume and draws in fuel through intake valve 50; and, 
as piston 42 moves radially outwards, chamber 45 
decreases in volume to compress and force the fuel 
under pressure out of chamber 45 through delivery 
valve 51. 

Each intake valve 50 is supplied with fuel along a 
respective axial channel 54 formed in respective head 
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53, and along a respective radial channel 55 formed in 
body 20 next to flange 24; the three channels 55 com- 
municate with an annular groove 56 formed in flange 24, 
and which in turn communicates with an intake channel 

57 formed in body 20 and communicating with fitting 14; 5 
each of the three delivery valves 51 communicates with 

an axial cavity 61 along a respective axial channel 59 
formed in respective head 53, and along a respective 
radial channel 60 formed in body 20; and, downstream 
from a bypass valve of a pressure regulator (not w 
shown), cavity 61 is connected via a fitting 64 to a drain 
conduit 65 for draining fuel into tank 12. 

An on-off valve 71 is fitted between low-pressure 
pump 10 and high-pressure pump 15, and comprises a 
body integrated with body 20 of pump 1 5. For which pur- is 
pose, body 20 comprises a cylindrical seat 58 oriented 
radially with respect to axis 37 and communicating with 
inner chamber 23. The outward portion of seat 58 
houses fitting 14 of conduit 13, while the portion of seat 

58 adjacent to chamber 23 houses a bottom annular 20 
plate 70 resting on a shoulder 62 of flange 24, and com- 
prising a hole 74 defining a first drain conduit for drain- 
ing surplus fuel into inner chamber 23. 

Seat 58 comprises a lateral surface 63 through 
which channel 57 comes out. and along which slides a 25 
control member for controlling valve 71 and comprising 
a cup-shaped piston 72 with a calibrated hole 76 defin- 
ing a choke for the fuel flowing into inner chamber 23. A 
weak helical compression spring 73, located between 
plate 70 and piston 72 and coaxial with holes 74 and 76, 30 
pushes piston 72 towards fitting 14 to close channel 57 
and valve 71. 

Piston 72 is pushed in the opening direction of valve 

71 by the pressure of the fuel supplied by low-pressure 
pump 10 along conduit 13. When the fuel supply pres- 35 
sure exceeds the force exerted by helical spring 73. pis- 
ton 72 is moved towards plate 70 to open channel 57, 
which is supplied with fuel along conduit 13, while the 
surplus fuel flowing through choke 76 is fed through 
hole 74 into inner chamber 23 to lubricate the members 40 
housed inside the chamber. Conversely, when the fuel 
pressure falls below a given value, e.g. due to malfunc- 
tioning of pump 10 or an emergency maneuver, spring 

73 pushes piston 72 against fitting 14 to close channel 

57 and so close on-off valve 71 . 45 

According to the invention, low-pressure pump 10 is 
activated mechanically by transmission means 75 con- 
nected to the vehicle diesel engine shaft; and, to enable 
valve 71 to be opened even at cranking speed, when the 
engine shaft is rotating at low speed, choke 76 of piston so 

72 has a very small diameter of about 0.2 mm. 

Moreover, body 20 comprises a second channel 77, 
which, on one side, comes out through lateral surface 
63 of seat 58. and. at the other, comprises a calibrated 
choke 78 along which it comes out inside inner chamber 55 
23 of pump 15. Channel 77 may advantageously be of 
the same diameter as channel 57, and may come out 
inside seat 58 so as to be opened and closed by piston 



72 simultaneously with channel 57; and the diameter of 
choke 78 may range between three and five times that 
of choke 76, and may advantageously be of about 0.8 
mm. 

As the diesel engine shaft is rotated by the battery 
at the cranking stage, low-pressure pump 10 is acti- 
vated via transmission means 75; by virtue of the small 
diameter of choke 76, the small amount of fuel supplied 
by pump 10 at the cranking stage is sufficient to create 
enough pressure in fitting 14 to overcome spring 73 and 
move piston 72 to open valve 71 ; and, even at such low 
speed, hole 74 allows the members inside chamber 23 
to be lubricated by the fuel flowing through choke 76. 

As soon as piston 72 is moved, and as channel 57 
begins feeding fuel to compression chambers 45 of 
pump 15, choke 78 of channel 77 supplies inner cham- 
ber 23 with the surplus fuel supplied by pump 10 as a 
result of the increase in engine speed following the 
cranking stage, so as to effectively cool the members 
inside chamber 23 at steady engine speed. 

To cut off fuel supply to on-off valve 71 , conduit 13 
is fitted, between low-pressure pump 10 and high-pres- 
sure pump 15, with a solenoid valve 79 connected to 
tank 1 2 by a drain conduit 80. 

In the event of a fault on the diesel engine, or any 
other defects, solenoid valve 79 is activated automati- 
cally, e.g. by an electronic central control unit, without 
having to stop pump 10. More specifically, in the event 
of a fault or in emergency situations, solenoid valve 79 
cuts of fuel supply from pump 1 0 to pump 1 5, and piston 
72 prevents the fuel in chamber 23 from being supplied 
to compression chamber 45. 

The advantages of the device according to the 
invention, and as compared with known devices, will be 
clear from the foregoing description. In particular, low- 
pressure pump 10 may be effectively activated by the 
diesel engine itself; the problem posed by the variation 
in the fuel supply of low-pressure pump 10 between the 
cranking stage and steady running speed of the engine 
is solved; and, finally, in the event of operating defects, 
fuel supply to on-off valve 71 is cut off without having to 
stop low-pressure pump 10. 

Clearly, changes may be made to the device as 
described and illustrated herein without, however, 
departing from the scope of the present invention. For 
example, means 75 may be activated by shaft 28 of 
high-pressure pump 15. so that both pumps 10 and 15 
may be integrated in the same body 20. 

Claims 

1. A pumping device for feeding fuel from a tank (12) 
to an internal combustion engine, and comprising a 
low-pressure pump (10); a high-pressure pump 
(1 5) in turn comprising a body (20) forming an inner 
chamber (23). and at least one piston (42) activated 
by a control element (39) housed in said inner 
chamber (23); and an on-off valve (71) housed in a 
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3. 



5. 



connection between said low-pressure pump (10) 
and said high-pressure pump (15); said on-off valve 
(71) comprising a member (72) activated by the fuel 
from said low-pressure pump (10) to open an intake 
channel (57) in said connection (13, 14, 54-57) and 
feed surplus fuel to said inner chamber (23); char- 
acterized in that said low-pressure pump (10) is 
activated mechanically by means (75) connected to 
the shaft of said engine; said member (72) being so 
sized as to be activated even at low cranking speed 
of said engine. 



A pumping device as claimed in Claim 3, wherein 
said body (20) of said high-pressure pump (15) also 
forms the body of said on-off valve (71); said addi- 
tional opening being defined by a further channel 
(77) in said body (20). 

A pumping device as claimed in one of the forego- 
ing Claims, wherein said member (72) is movable 
along a lateral wall (63) of a seat (58); said intake 
channel (57) coming out through said lateral wall 
(63); characterized in that said further channel (77) 
also comes out through said lateral wall (63). 



10 



A pumping device as claimed in Claim 1, character- 
ized in that said member (72) comprises a fuel inlet 
choke (76) so sized as to permit rapid activation of is 
said member (72) even at said low cranking speed. 



A pumping device as claimed in Claim 2, wherein 
said on-off valve (71) comprises an opening (74) 
communicating with said inner chamber (23); char- 
acterized in that, when activated, said member (72) 
also provides for opening an additional opening 
(77) communicating with said inner chamber (23). 
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(71) in the event of a malfunction of said engine. 

1 0. A pumping device as claimed in Claim 9, character- 
ized in that said solenoid valve (79) is connected by 
a drain conduit (80) to said tank (12) to drain the 
fuel of said low-pressure pump (10) into said tank 
(12) in the event of a fault 

1 1. A pumping device as claimed in one of the forego- 
ing Claims, characterized in that said high-pressure 
pump (15) is a radial-piston (42) pump, and said 
control element is an eccentric element (35, 39) 
rotating in said inner chamber (23); said surplus 
fuel lubricating and cooling said eccentric element 
(35, 39). 

1 2. A pumping device as claimed in Claim 1 1 , wherein 
said member is in the form of a cup-shaped piston 

(72) , and said seat (58) is cylindrical; characterized 
in that said seat (58) houses a cylindrical bottom 
plate (70) comprising said first opening (74); and a 
helical spring (73) is preloaded between said bot- 
tom plate (70) and said cup-shaped piston (72); 
said first opening (74) and said inlet choke (76) 
being located inside the turns of said helical spring 

(73) . 



6. A pumping device as claimed in Claim 5, character- 
ized in that said channels (57, 77) are opened 
simultaneously by said member (72); said further 
channel (77) communicating with said inner cham- 
ber (23) via a second calibrated choke (78). 
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7. A pumping device as claimed in Claim 6, character- 
ized in that the diameter of said second choke (78) 45 
is from three to five times the diameter of said inlet 
choke (76). 

8. A pumping device as claimed in Claim 7, character- 
ized in that the diameter of said inlet choke (76) is so 
about 0.2 mm, and the diameter of said second 
choke (78) is about 0.8 mm. 



9. A pumping device as claimed in one of the forego- 
ing Claims, characterized in that, between said low- 
pressure pump (10) and said on-off valve (71), 
there is provided a solenoid valve (79), which is 
activated to cut off fuel supply to the on-off valve 
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(54) Pumping device for feeding fuel from a tank to an internal combustion engine 



(57) The device includes a high-pressure pump 
(15), a low-pressure pump (10), and an on-off valve (71) 
between the two pumps (10. 15); the low-pressure 
pump (10) is activated mechanically by transmission 
means (75) connected to the shaft of the diesel engine: 
the on-off valve (71) is so sized as to be activated rap- 
idly at the cranking stage; to dispose of the surplus fuel 
following activation of the on-off valve (71), the on-off 
valve (71) opens an additional opening (77) for draining 
the fuel into an inner chamber (23); and a solenoid valve 
(79) between the low-pressure pump (10) and the on-off 
valve (71) is activated automatically to cut off supply to 
the on-off valve (71) in the event of a fault. 
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